Heligmosomoides polygyrus ( = Nematospiroides dubius) in the laboratory mouse. This nematode species, which frequently occurs in microtine and murine rodents, was introduced as an experimental model in laboratory mice by Spurlock (1943) and it has since been intensively used as a tool for studies on the chemotherapy and immunology of helminth parasites. Further details of the taxonomy and life cycle of H. polygyrus are given by Bryant (1973) and Lewis (1987) .
During a recent autumn and spring period, primary infections of H. polygyrus in ASH/CSI S.P.F. mice were characterized by a syndrome of zero or low intensities of infection, reduced fecundity and survival of female worms and the production of non-viable eggs. Also cuticular distortions were observed in the cephalic and vulvar regions of mature female H. polygyrus.
Such abnormalities have been associated with the lack of an appropriate gut micro flora in laboratory bred mice. More adult worms of H. polygyrus develop in conventional compared with germ free mice (Wescott, 1968) . Also the size, fecundity and survival of adult H. polygyrus are enhanced in conventional mice {Weinstein et al., 1969; Chang & Wescott, 1972) and the successful development of the egg to the infective third larval stage (L 3 ) requires the presence of all components of the host flora (Weinstein et al., 1969) . Thus it was assumed that the aetiology of low or occasional lack of worm establishment in these primary infections was linked with gut microbial populations and/or their metabolic by-products. This hypothesis was tested by searching for any sources of potential contamination of the mouse-nematode system, such as the diet and the bedding material on which the mice were housed. As all the standard diet (diet 86 supplied by E. Dixon & Sons (Ware) Ltd, Crane Mead Mills, Ware SGl2 9PZ) had been sterilized, the study focused on the bedding material of peat; this included the replacement of peat as bedding material, a microbiological assay of the peat itself and manipulation of the system with a broad spectrum antibiotic, oxytetracycline hydrochloride (0'040/0). An attempt was also made to determine the effects of exogeno).ls chitinase on the developing stages of H. polygyrus.
Materials and methods
All strains of laboratory mice were infected with doses of 70 L3 stages of Heligmosomoides polygyrus.
Syndrome infections ASH/CSI and LACA mice
ASH/CSI mice were maintained on peat bedding material obtained from Dordmamona, Eire (supplied by Bord Na Mona, Irish Peat Development Authority, Dublin) with food and water being supplied ad libitum. A group of 12 6-week-old male mice were infected per os with L3 stages. Using the McMaster technique, egg production expressed as eggs/g of faeces (e.p.g.) was recorded up to 40 days post infection (p.L). The size and viability of eggs were observed in 10% carbol fuchsin and viable eggs were cultured directly from infected faeces to the L3 stage as previously described by Burren (1980) . Two male mice were autopsied on each of days 10, 12, 14, 16, 18 and 40 p.i. Worm establishment, sex ratios Lewis & Mathers (female: male) and the fecundity of female worms of H. polygyrus were determined. These syndrome infections served as controls for the subsequent manipulation of the mouse-nematode system and for comparison with infected mice previously maintained on peat bedding in a separate animal house.
Two groups of 12 male LACA mice, which had' previously been infected at the Beecham Research laboratory were maintained on the same peat bedding as the ASH/CSt mice. Viability and development of H. polygyrus eggs were observed in these mice.
Expermental infections ASH/CSI and CDI mice
Egg output was recorded in each of four 6-week old infected male ASH/CSt mice given O·04% oxytetracycline hydrochloride as drinking water on <lays2-5 p.i. Another group of four 8-week-old males were transferred from peat to absorbent paper for 10 days prior to infection with H. polygyrus and the daily e.p.g. recorded.
As a further supply of control ASH/CSI mice was not available, egg output was recorded in each of four 6-week old male infected cm mice, maintained on absorbent paper, rather than peat bedding, in a separate animal house.
Faecal/peat examination
Faeces of ASH/CSI mice, removed from the peat bedding 10 days prior to infection, were mixed with deionized and peat water. The development of H. polygyrus eggs was compared in both faecal water cultures for up to 94 h at 16°C.
Egg and peat samples associated with infected ASH/CSI mice were assayed using conventional microbiological techniques by the Ministry of Agriculture, Fisheries and Food (MAFF), Weybridge and Poole General Hospital, Dorset. Bacteria belonging to the Bacillaceae were isolated by ammonium salt sugars and identified by spore staining and microscopy; other bacteria (Staphylococcus) were isolated by tests involving catalase and pigment production followed by a coagulase test and identified by gram staining. Fungal species were isolated by conventional
Results

Syndrome infections
Total egg production was very low in ASH/CSI mice from days 10 to 25 and ceased on days 26 and 27 p.i.; the peak of egg production occurred on day 15 (Fig. 1) . The eggs were small, measuring 74·7±5·8j.tmx48·5±2·6j.tm, and they failed to produce viable larvae. The normal egg capsule of H. polygyrus ( Fig. 2a ) comprises complete uterine, chitinous and lipid layers (Anya, 1976) but in non-viable eggs from syndrome infections there is a thin uterine layer, to which debris became attached, and a thin rumpled and ruptured chitinous layer at the middle or polar region of the egg capsule ( Fig.2b ). The loss of viability, together with reduced egg output, was also evident in LACA infected mice, 6 weeks p.i., following transfer 
Chitinase and egg viability
Chitinase (Sigma C-6137) (0'1 ml), cultured from the bacterium Streptomyces griseus and used in 5 dilutions of 1X 10-1 to 1X 10-5 , was administered individually to a batch of 5 infected male CDI mice on day 10 p.i. Following autopsy on day 21 p.i., adult female H. polygyrus were maintained in Tyrode's medium at 37°C for up to 6 h and the hatching success of 'eggs, deposited by female worms in vitro, was analysed. assimilation and fermentation tests and further identified by microscopy. The egg capsule and worm surfaces were also examined for viral particles using a 25-40 K magnification range under the electron microscope. Furthermore the possibility of the peat containing insecticide or herbicide was tested by observing the development of the carabid beetle Nebra brevicollis and seedlings of Sinapsis alba, respectively, exposed to contaminated peat samples. 66' 2 ± 10, 5 and a fecundity value of 95'7 ± 11'7 in presyndrome (control) mice.
Experimental infections
The peak of egg production was extended to day 22 p.i. in mice treated with 0'04070oxytetracycline and the egg output was higher and continued for a longer period than in syndrome mice (Fig. 1) . On the other hand, by day 27 p.i., there was no significant difference in egg size (mean length 75·0±5·5p.m, mean width 49·2±3·1p.m) in treated compared with syndrome mice and although the chitinous coat of the egg capsule of H. polygyrus was better developed in treated mice, abnormal cleavage of the egg (Fig. 2b) had taken place in the oviduct of female worms. This resulted in the production of abnormal larvae containing empty and dilated alimentary tracts and no further development took place.
In ASH/CSI mice removed from the peat 10 days prior to infection, worm egg production reached a peak on day 29 and extended to day 40 p.i. (Fig. 4) . The egg output and size (mean length 78·4 ± 5' 7 p'm, mean width 49, 3 ± 2· 5 p.m) was larger than in syndrome mice, the egg length difference being significant (P= 0'001). The normal development of Nebra brevicollis, and Sinapsis alba, cultured in peat samples from syndrome ASH/CSI mice, indicated the absence of insecticide and herbicide, respectively. Furthermore, viral particles were not observed on the egg capsule nor on the worm surface, although the microbiological assays did show an abundance of bacteria (Bacillaceae) induding Bacillus cereus, B. pumulis, B. sphaericus, B. subtilis and Staphylococcus citreus and, to a lesser extent, the fungal species of Candida, Mucor and Penicillum. As the amount of chitinase-secreting bacteria, belonging to the Bacillaceae, in the peat bedding was likely to have influenced the development of H. polygyrus eggs, preliminary in vitro chitinase experiments using eggs from control CDI mice indicated that as the activity of exogenous chitinase increased, the percentage of hatching success of H. polygyrus eggs decreased (Fig. 6 ). In faecal cultures using deionized and peat water, the step wise pattern of egg/larval development is consistent with the work of Crofton and Whitlock (1965) . Development appeared to be faster in peat water cultures with a peak of LI larvae appearing inside the egg at 43 h (Fig. 5) , 7 h earlier than in deionized water, and at a time when rumpling and breakage of the chitinous layer of the egg capsule, especially at the poles, occurred. No hatching of the eggs however took place, except for a O'830,10 hatching success in the deionized water.
He/igmosomoides polygyrus in CD! mice housed on absorbent paper in a separate animal house showed a significantly higher egg production and egg size (80' 6 ± 4'6 p'mx 50'2± 2' 5 p.m) than in syndrome ASH/CSI mice (P=O'OOI), the peak of egg production occurring earlier on day 26 (Fig: 4) . 
Discussion
The physical space within the murine gut provides a habitat for microflora, which form stable climax communities in specific areas of the gut. The composition of the micro flora in a murine host remains constant, unless other components of the indigenous flora, including bacteria, are acquired through accidental contact or are ubiquitous in the environment (Dubos et al., 1965) . The number of species of bacteria forming part of the gut microflora can influence the rate of peristalsis .and resistance to infection and toxins (Abrams & Bishop, 1966 , 1967 . This will have direct implications for the establishment, development and survival of intestinal nematodes like Heligmosomoides polygyrus as these parameters of survival are dependent on the microbial environment (Wescott, 1968; Weinstein et al., 1969; Chang & Wescott, 1972) . Furthermore, the presence of an appropriate micro flora in the gut is essential to the normal development of other nematode species, including Nippostrongylus brasiliensis (Wescott & Todd, 1964) , Trichinella spira/is (Stefanski & Przyjalkowski, 1965; Przyjalkowski & Wescott, 1969) , Ascaris suum (Przyj alkowski & Jaskoski, 1968), Ascaridia galli (Przyjalkowski, 1973) and Aspiculuris tetraptera (Przyjalkowski, 1973; Tannock & Savage, 1974) .
The syndrome of zero or reduced establishment of Heligmosomoides polygyrus in ASH/CSI mice and the failure of eggs to produce viable L3 stages suggested the presence of a hostile microbial environment within the gut. Bacterial flora is known to be an important determinant of mucosal structure (Abrams, Bauer & Sprinz, 1963) and an abnormal flora could have rendered the intestinal wall less easy to penetration by the L3 stages. Changes in the microbial environment of the small intestine do occur naturally (Schaedler, Dubos & Costello, 1965) , but in Trichinella spiralis, (Stefanski & Przyjalkowski, 1965 ) the larvae, once they have penetrated the mucosal wall, are unlikely to be affected by the flora of the intestinal lumen. Whether this is true for H. polygyrus larvae is unknown, but the reduced egg output by female Lewis & Mathers worms in syndrome ASH/CSI mice could have been linked with an abnormal flora in the nematode gut, which either contained bacterial metabolites not usually present or lacked bacteria essential for normal worm development and maturation. An associated flora has been described for Aspiculuris tetraptera (Tannock & Savage, 1974) whereas the two bacterial spe£ies, Bacillus mesentericus and B. cereus can inhibit the cleavage of the eggs of Ascaris suum (Przyjalkowski & Jaskoski, 1968 ). An ovostatic effect of bacterial cultures on Ascaridia gam and Aspiculuris tetraptera was also observed by Przyjalkowski (1973) .
The use of the broad spectrum antibiotic oxytetracycline hydrochloride in the microbial manipulation of the host-parasite system increased and extended the timing of egg output of Heligmosomoides polygyrus. Oxytetracycline, ineffective against viruses, eliminates bacteria such as Aerobacter aerogenis, Bacillus authracis, Clostridium spp, Escherichia coli, non haemolytic and 01 and {3haemolytic streptococci. On the other hand almost all strains of Proteus vulgaris, Pseudomonas aeruginosa and freshly isolated staphylococci and enterococci are resistant.
Oxytetracycline is incompletely absorbed from the alimentary tract and within 48 h the enteric flora is markedly altered. This results in the rapid disappearance of lactobacilli, anaerobic streptococci and bacteriode's and conversely an increase in the growth of tetracycline-resistant organisms especially species of Proteus, Pseudomonas, staphylococci and yeasts (Dub os et al., 1965; Goodman & Gilman, 1965; Hawker & Hinton, 1972) . This was apparent in the present study when cultures of faecal pellets of mice treated with oxytetracycline on days 6-10 p.i. yielded a staphylococcal overgrowth.
The changed microbial environment induced by oxytetracycline also resulted in an increase in the thickness of the egg capsule of Heligmosomoides polygyrus 'suggesting that the precursor acetylglucosamine units and protein required for the development of the chitin layer (Tarr & Fairbairn, 1973) were in better supply. These eggs, on the contrary, were non-viable and produced abnormal larvae similar to those described in the faeces of germ-free mice by Weinstein et al. (1969) . The subsequent larval mortality could have been due to the absence of essential micro flora or the presence of an inhibitor normally degraded by bacteria in the faeces of the host.
Despite some success at treating the syndrome mice with oxytetracycline, the sequential stages of reduced worm establishment/fecundity took place in ASH/CSI and LACA mice over a period of 5 months from late autumn to early spring. The common denominator appeared to be the peat bedding material and its removal from ASH/CSI mice prior to infection increased the output and length of eggs of Heligmosomoides polygyrus. An increase in egg length could have been caused by the egg capsule being more permeable to water, the absorption and pressure of which produced an outward rupture of the chitin layer. It is also likely that an increase in the size of the embryonic cortex of the capsule, due to changes in membrane permeability, interfered with the process of egg development. This is clearly demonstrated by an accelerated development of eggs cultured in peat compared to de-ionized water and also by the production of non-viable eggs, presumably as a result of normal cleavage in the oviduct of female worms as seen in mice treated with oxytetracycline.
The beneficial effect of the absence of peat was more marked in the CDI mice which had been isolated in another animal house. It would have been preferable to use ASH/CSI mice as controls instead of the related CDI strain but the constraints of the situation were such that it was not possible to rear ASH/CSI mice away from the Laboratory Animal House and out of contact with the peat and the ASH/CSI strain was not available from other suppliers. On the other hand higher levels of intensity and fecundity of Heligmosomoides polygyrus were recorded in 'presyndrome' ASH/CSI mice. The presence of bacteria (Bacillaceae) in the peat bedding, which was occasionally ingested by mice, was likely to be another reason for the 115 rupture of the chitin layer within the egg capsule of Heligmosomoides polygyrus. Members of the Bacillaceae are gram-positive, chitinase-secreting, aerobic rods which possess the ability to sporulate in extreme conditions. The prolonged storage of peat in closed plastic containers outside the Laboratory Animal House during a dry summer spell had presumably resulted in the rapid multiplication of bacterial colonies. When peat in this condition was used as bedding material during the late summer and early autumn, adults, larvae and eggs of H. polygyrus from infected hosts would have been exposed to high densities of these bacteria. The build-up of bacterial chitinase, as shown by preliminary in vitro studies using exogenous chitinase from Streptomyces griseus, reduced the hatching success of the nematode eggs, thereby contributing to the syndrome of reduced or zero infection of H. polygyrus in ASH/CSI mice.
It should be emphasized, however, that the aetiology of the syndrome is complex and is likely, not only to involve microbial chitinase in the peat or mouse gut but also a combination of factors whereby the mouse gut flora might be altered by microbial toxins or simply by the roughage in the peat and/or that microbial competition for nutrients might result in sequestration of the parasite's essential vitamins. Further microbial studies on the establishment of gut parasites are needed, but the present investigation undoubtedly highlights the importance of excluding peat as a source of bedding material and the use of standardized and sterilized bedding in the management of animal houses is recommended,
where host-parasite studies as models for chemotherapy are undertaken. 
